The purpose of this investigation was to measure and compare both the surface roughness and gloss of flowable composites polished with standardized silicone carbide (SiC) papers. Four flowable and two conventional composites were used in this study. Polymerized specimens were subjected to a polishing procedure comprising 12 sequential steps from coarser to finer grits of SiC paper. At the initial polishing stage, flowable composites were more sensitive to the size of the polishing particles and thus yielded surfaces rougher than the conventional composites. Surface roughness became stable when polishing particles less than 13 μm size were used. However, although surface roughness was reduced, an esthetic gloss quality was not achieved on the resultant polished surface. On the influence of filler shape, composites with spherical fillers seemed to have the upper-hand advantage of attaining a high gloss by polishing. On the influence of polishing particle size, it was suggested that polishing should be completed with polishing particles less than 12 μm size so as to achieve clinically satisfactory surface roughness and gloss.
INTRODUCTION
The principle of minimal intervention has led to advocating the approach of removing only the carious lesion, consequently resulting in small cavities being prepared.
On the restorative materials used, flowable composites have become more frequently applied than conventional composites in such cavities because of their flowability and easy handling of the applicator 1, 2) . Currently in clinical treatment, many brands of flowable composite are available, and many have undergone and are still undergoing research, evaluation and continuous improvement. On the mechanical properties of restorative materials, such as stiffness and flowability, they are essentially controlled by the monomer ratio or filler content. In particular, some recently developed flowable composites have shown higher elastic modulus than conventional resin composites. On the esthetics and longevity of composite restorations, the finishing and polishing procedure is one important step [3] [4] [5] [6] . A poorly polished restoration surface generates a rougher surface, rendering it susceptible to staining, plaque accumulation, and gingival irritation [7] [8] [9] [10] . In addition, with an increase in surface roughness, the degree of random reflection of light will increase, consequently resulting in decreased gloss 11) .
On the instruments that are used to finish or polish tooth-colored restorations, they are generally made from polishing particles and a base. The polishing particles dispersed in the base must be relatively hard compared with the filler particles contained in the composites 12, 13) . Aluminum oxide, which is significantly higher in hardness than most filler particles 14, 15) , is often used as polishing particles in many finishing instruments. Nonetheless, the type and shape of particles dispersed in each base differ among the finishing instruments, which is one reason why comparison of polishing instruments is very difficult. On the comparison of finishing and polishing instruments, many such studies have been conducted but scarcely few on the size of polishing particles [16] [17] [18] . The polishability of resin composites is also influenced by the latter's properties: filler type, shape, and content 19) . Many studies 15, 20) have shown that microfilled resin composites could be more efficiently polished than hybrid resin composites. As for the recently introduced flowable composites, their surface properties such as surface roughness and gloss have not been investigated. The purpose of this investigation, therefore, was to measure and compare both the surface roughness and gloss of flowable composites polished with SiC papers using polishing particles of standardized sizes.
MATERIALS AND METHODS

Materials used
Four flowable and two conventional composites were used in this study. Their details and properties are summarized in Table 1 Specimen preparation Disk-shaped specimens of each restorative material were fabricated using a stainless steel split mold (10 mm diameter, 2.5 mm depth). Each resin composite was inserted into the mold, covered with polyester strip (Lumi Strips, Inoue Attachment Co. Ltd., Tokyo, Japan), pressed with a slide glass, and polymerized with a curing light unit (XL3000, 3M ESPE, MN, USA) according to the indicated time.
The polymerized specimens were removed from the molds and stored in distilled water at 37ºC for 24 hours. Three specimens of each material were assigned to a sequential polishing procedure. The procedure consisted of 12 steps, which were based on the sequential application of SiC papers (Fuji Star waterproof abrasive paper sheet, Sankyo Rikagaku Co. Ltd., Saitama, Japan) from coarser to finer grits. The coarsest grit was #280 which corresponded to polishing particles with an average size of 48 μm, and the finest grit was #15,000 which corresponded to 0.3 μm ( Table 2) . To reduce variability in specimen preparation, a single operator practiced and confirmed the polishing pressure with a balance in advance and carried out the polishing procedure in sequence. SiC paper was discarded after each use. After completing each polishing step using a particular grit, specimens were rinsed in an ultrasonic bath for 1 minute to remove any debris.
Following which, average surface roughness (Ra) and gloss were measured.
Surface roughness
Average surface roughness was determined using a surface profilometer (Surfcom E-RC-CF, Tokyo Seimitsu, Tokyo, Japan).
The cutoff value was configured according to the B0601 document by JIS in 1994. Three line traces were recorded from one specimen surface. The measured lines were traced in different directions (angles: 0, 45, and 90 degrees), and the Ra of each material was determined from these line traces on the surface of each of the three specimens (n=3).
Surface gloss
Surface gloss was determined using a gloss meter (Gloss Meter GM-26D, Murakami Color Research Laboratory, Tokyo, Japan). Three measuring points were taken from each specimen surface. Average gloss was calculated from three specimens.
Statistical analysis
Data were analyzed using the Statistical Package for Medical Science (SPSS ver. 11 for Windows) for statistical procedures. One main effect was on the material and another main effect on the polishing particle size. Surface roughness and gloss data were analyzed using two-way ANOVA to examine the two factors of material and polishing particle size, and also their interaction. When an interaction was detected by two-way ANOVA, multiple comparisons for surface roughness and gloss at each polishing particle size were carried out using Tukey's HSD test or Dunnett's T3 test. All statistical analyses were performed at a 95％ level of confidence. Table 3 shows the statistical analysis results for surface roughness and gloss data. Two-way ANOVA revealed that the dependent variables were influenced by the factors of material and polishing particle size (p<0.0001). There was also a significant interaction between the independent variables of material and polishing particle size (p<0.0001). As an interaction was detected by two-way ANOVA, multiple comparisons for surface roughness and gloss at each polishing particle size were carried out using Tukey's test or Dunnett's T3 test. Figure 1 shows the surface roughness values of the six materials at each polishing particle size. At the coarsest grit of 48 μm (#280), all the four flowable composites showed higher surface roughness than the two conventional composites (p<0.05). In particular, the lowest surface roughness was revealed by a conventional composite (Σ) at the coarsest grit. From 40 μm (#400) to 13 μm (#1200), two flowable composites (EQ and UL) indicated higher roughness than the other two flowable composites (SF and LV) and two conventional composites (MJ and Σ), although SF, LV, MJ, and Σ showed no significant differences. Within the range of 12 μm (#1500) to Grit # #280 #400 #600 #800 #1000 #1200 #1500 #2000 #3000 #4000 #8000 #15000 Table 2 Average particle size according to the document of ISO 8486-1:1996 0.3 μm (#15,000), the surface roughness values of all the materials gradually decreased, with no significant differences among all the materials at the smallest particle size of 0.3 μm (#15,000), except Σ and UL.
RESULTS
In Fig. 2 , it could be seen that changes in gloss depended on the polishing particle size. Within the range of 48 μm (#280) to 15 μm (#1000), all the materials indicated gradual increase in gloss, and that the flowable composites tended to show lower values than the conventional ones. On the other hand, the gloss of all evaluated materials markedly increased below the particle size of 13 μm (#1200) or 12 μm (#1500). At the smallest particle size of 0.3 μm (#15000), the highest degree of surface gloss was achieved by one of the flowable composites (SF), followed by the two conventional composites (Σ and MJ), and that the rest of the flowable composites (EQ, LV and UL) showed the lowest gloss values (p<0.05). Spanning across the entire range of polishing particle sizes, it was noted that the highest degree of gloss was consistently achieved by composites containing spherical fillers (48 to 20 μm: Σ; 15 to 12 μm: EQ; 9 to 5 μm: Σ; and 3 to 0.3 μm: SF).
DISCUSSION
With flowable composites, the same or similar small filler particle sizes of conventional hybrid composites were retained but at a reduced filler volume. This led to an increased resin content, thereby reducing the viscosity of the mixture.
Incidentally, the quantity of matrix resin monomer also affects viscosity. In terms of mechanical properties, the early generation of flowable composites containing less than 55 wt％ of fillers were inferior to conventional composites 1) . Despite a clinical concern about the wear resistance of flowable composites, they were recommended for use because of their flowability that made access to cavities in difficult situations easy. Some flowable composites contain almost the same Fig. 2 Gloss values (％) of six materials at each polishing particle size. Table 3 Statistical analysis results ratio of fillers as conventional composites, hence exhibiting much improved mechanical properties 1, 21) . They can be used not only as lining 2, 22) or repair materials, but also as a filling material. Since flowable composites can be applied to a variety of cavities, esthetic properties are hence expected of them.
In the current study, the four flowable composites were selected by virtue of their filler shapes and monomer compositions. As for the two conventional composites, they were employed as controls based on their filler shapes. Briefly, EQ and Σ used submicron-sized, silica-based, spherical fillers. SF used nano-sized zirconium and silica fillers and contained agglomerated clusters. The other composites were composed of irregular-shaped fillers and categorized as hybrid type. As for the monomer compositions, they could be categorized into bis-GMA or UDMA group. However, the role and influence of monomer composition on surface roughness and gloss could not be clearly elucidated in this study. It was reported that bacterial adhesion was observed on surfaces with surface roughness exceeding 8.0 μ-inches (0.2 μm) 9) . The "threshold surface roughness" for bacterial plaque retention, as stated by Bollen et al. 23) , was given to be 0.2 μm. From the standpoint of threshold surface roughness, most flowable composites reached the threshold surface roughness with polishing particle size of 12 μm (#1500) and conventional composites with 30 μm (#600). At the initial stage of polishing, two flowable composites (EQ and UL) were more sensitive to the size of polishing particles and thus yielded rougher surfaces than the conventional composites. As for SF and LV, their surface roughness changes were similar to the conventional composites which acted as controls.
In this experiment, no underlying common factors (such as filler volume, size, or shape) could be used to explain the differences observed in surface roughness. The complex surface structure cannot be fully characterized by only the analysis of surface roughness, and it is not appropriate to draw conclusions on the clinical suitability of a finishing instrument exclusively based on roughness averages 16) . Gloss plays a critical role in the esthetic appearance of composite restorations 5) , and a smooth, glossy surface should be the final objective of any polishing procedure 24) . Against this background, the clinical acceptability of a composite restoration's surface properties should entail the assessment of both surface roughness and gloss. Surface gloss is said to depend on the particle size distribution and particle shape of fillers contained in the composite restorative materials, and that diffuse reflection from the filler particles may increase in proportion with the size of filler particles 25) . When the filler particles are small, diffuse reflection decreases and the surface looks glossy. In the present study, the highest degree of gloss was consistently achieved by composites containing spherical fillers at all the polishing particle sizes. One of the reasons for the higher gloss observed in the composites might be that spherical fillers also meant smaller particle size as compared with the hybrid one (if not considering the size of organic filler and nanocluster; Table 1 ). Moreover, the filler content of flowable composites is generally lower than the conventional composites, which means greater exposure of their matrix resins. Therefore, the gloss of flowable composites should be more sensitive to the size of polishing particles because the polishing particles may easily abrade the matrix resin 26, 27) . Composite restoratives, especially for the anterior teeth, require superior esthetic quality. Microfilled resin composites have been used for esthetic restorations, despite their lower mechanical properties 28, 29) . Recently, many available composites are categorized as the hybrid type and manufacturers indicate their use for both the anterior and posterior teeth. With surface gloss depending on the filler shape, results of the current study seemed to be in favor of the spherical filler. The six materials used in this study were divided into either spherical or irregular group based on their filler shapes, and Fig. 3 shows the curves that illustrate the relation of gloss versus polishing particle size for both groups of materials. It is noteworthy that EQ, SF, and Σ were filled with spherical fillers. In light of the results obtained, it was thus suggested that resin composites filled with spherical fillers could easily attain gloss as compared to hybrid-type composites filled with irregular-shaped fillers. Standardization of the spherical fillers in EQ and Σ would contribute to a tight filler distribution, whereby these fillers could be evenly arranged on the surface. Surface roughness in this study became stable when polishing particles of less than 12 μm size were used. When surface roughness was reduced to the threshold value for plaque retention, the esthetic gloss was not sufficiently achieved on the resultant polished surface. It was necessary to polish the surface with polishing particles of smaller sizes to attain a high surface gloss (Fig. 2) . Therefore, it was suggested that polishing should be completed with polishing particles less than 9 μm to achieve satisfactory surface roughness and gloss. Presently available polishing instruments are made from a diverse range of bases and particles. As such, subjective assessments on surface roughness and gloss could be considered as a baseline for further corroboration by quantitative clinical studies. For the present study, the relationship as suggested between polishing particle size and surface properties could also be helpful to the improvement of polishing instruments. At this juncture, it must be highlighted that the effective size of polishing particles differs depending on the purpose for surface roughness or gloss of the filled resin composite. The polishing instrument should be selected according to the required roughness for the posterior teeth or gloss for the anterior teeth.
